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Ultra-Low Dispersity Poly(vinyl alcohol) Reveals Significant Disper-
sity Effects on Ice Recrystallization Inhibition Activity 
Nicholas S. Vaila, Christopher Stubbs ,a Caroline I. Biggs a and Matthew I. Gibson a,b* 
a Department of Chemistry, University of Warwick, Gibbet Hill Road, Coventry, CV4 7AL, UK; b Warwick Medical 
School, University of Warwick, Gibbet Hill Road, Coventry, CV47AL, UK.  
ABSTRACT: Polymer mimics of antifreeze proteins are emerging as an exciting class of macromolecular cryoprotectants 
for the storage of donor cells and tissue. Poly(vinyl alcohol), PVA, is the most potent polymeric ice growth inhibitor known, 
but its mode of action and the impact of valency (DP) are not fully understood. Herein, tandem RAFT polymerization and 
column chromatography are used to isolate oligomers with dispersities <1.01 to enable the effect of molecular weight dis-
tribution, as well as length, to be probed. It is found that polymers with equal number average molecular weight, but lower 
dispersity, have significantly less activity, which can lead to false positives when identifying structure-property relation-
ships. The minimum chain length for PVA’s unique activity, compared to other non-active poly-ols was identified. These 
results will guide the design of more active inhibitors, better cryopreservatives and a deeper understanding of synthetic and 
biological antifreeze macromolecules. 
Antifreeze	 proteins	 and	 antifreeze	 glyco	 proteins	 (AF(G)Ps)	
have	evolved	the	unique	function	of	binding	to	and	inhibiting	
the	growth	of	ice	crystals.1–3	The	ability	to	slow	ice	growth	has	
major	 technological	 applications	 in	 aerospace,	 wind	 farms4	
and	in	the	cryopreservation	of	donor	cells	and	tissue,	which	are	
traditionally	 stored	 using	 toxic	 organic	 solvents.5	 Synthetic	
mimics	 of	 AF(G)Ps	 have	 recently	 emerged,	 which	 have	 few	
structural	similarities	but	can	reproduce	AF(G)P	properties.6,7	
The	most	desirable	property	for	cryopreservation	is	ice	recrys-
tallization	 inhibition	 (IRI)	 which	 prevents	 ice-growth	 during	
thawing.8	Various	IRI	active	materials	and	their	use	in	cryopres-
ervation	have	been	 reported	 including	 poly(vinyl	 alcohol)9–11	
poly(ampholytes)12,13,	 amphipathic	metallo-helices14	 and	 gra-
phene	oxide	derivatives.15	Whilst	the	interactions	between	an-
tifreeze	proteins	and	ice	has	led	to	identification	of	ice-binding	






droxyls	 is	not	 the	key	motif	 for	activity.19,20	Budke	and	Koop	
have	postulated	that	a	minimum	of	10	repeat	units	are	essen-
tial	for	PVA	to	function,	based	on	lattice	matching	with	ice	crys-
tal	 surfaces.21	 This	 is	 supported	 by	 statistical	 co-polymeriza-
tions	of	PVA	(spacing	out	the	hydroxyls)	which	dramatically	re-
duces	 IRI	activity,18	but	block	copolymerization	 is	a	tolerated	








to	 obtain	 sequence-regulated	 synthetic	 polymers26–28	 have	
highlighted	 the	 importance	of	minor	sequence	modifications	
on	emergent	macromolecular	properties	 such	as	 self-assem-













of	 the	 impact	of	each	 fraction	on	 its	 IRI	 activity.	We	 show	a	





vinyl	 acetate	 was	 conducted	 using	 methyl	 (ethoxy	 car-












is	 an	 increase	 from	 <10%	 to	 >60%.	 PVA	 was	 generated	 by	
deacetylation	with	 sodium	ethoxide	 followed	by	 purification	
with	 ion-exchange	resins.	 1H	NMR	and	 infrared	spectroscopy	















RAFT-PVA6	 540	 6	 1.03(a)	
RAFT-PVA11	 680	 11	 1.14(a)	
RAFT-PVA13	 820	 13	 1.10(a)	
PVA6	 460	 6	 1.005(b)	
PVA7	 500	 7	 1.009(b)	
PVA9	 590	 9	 1.01(b)	
PVA12.5	 745	 12.5(c)	 1.007(b)	





















RAFTed	 polymer	 distribution,	 dominates	 the	 IRI	 activity.	 To	










weight	 impurities	dominate	 the	observed	 IRI.	For	 translation	
to	biomedical	applications,	understanding	the	role	of	the	en-






















will	 have	 some	weak	 ,	 non-specific	 growth	 inhibition.)	 How-


















applications	 of	 polymers;	 in	 this	 case,	 the	 high	 molecular	









ing	 mass	 spectrometry	 and	 size	 exclusions	 chromatography	
analysis	is	included	in	the	Supporting	Information.	This	mate-
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